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1 
This invention relates fo the reinforcement of 
structural members which are subject fo bend- 
in, and particularly fo a novel method of effect- 
ing the desired reinforcement of such members 
readfly and with assurance of effective ïesul. 5 
More particularly the invention relates fo rein- 
forced structural members which have applied 
thereto an improved system of metal reinforce- 
ments which have been suitably proportioned and 
prestressed, as hereinafter more fully set forth. 10 
The invention is applicable to beams, slabs, 
arch-ribs, etc. of timber and of other materials 
which have elastic properties similar fo, but hot 
necessarily identical with, those of tituber. For 
purposes of illustration, the invention wfll bëde- 15 
scribed herein particularly in its application fo 
the reinforcement of timber structures. 
The principles of design which are here given 
are alike for all of the materials fo which the in- 
vention is applicable, the only changes neces- 20 
sary in the control formulas for the different ma- 
terials being in the numerical values of the sym- 
bols empioyed. The metal reinforcemen which 
characterize the present invention are usually ap- 
plied near that face which woulcl have been sub- 25 
ject to tensile stress under design loading if the 
beam were without prestressed reinforcements. 
They may be located .directly upon that face 
(hereinafter sometimes referred fo as the 
si!e face") or along tlie sides of the beam or 30 
either within or without flie body of the beam. 
That face of the beam which would have been 
subject to compressive stress under design.load- 
ing if the beam were without prestressed rein- 
forcemen will be hereinafter sometimes referred 3 
fo as the "compressive face." 
For simplicity of description of the invention 
the term "beam" Will e used to include all struc- 
rural members subject fo transverse bending, a 
slab being considered merely as the union of a  
series of such beamsp]aced side bF side. Also the 
reinforcements, which are a characteristic fea- 
ture of the invention, will .be considered as being 
applied at a distance above the tensile face of 
the beam, this distance being indicated-herein-  
after by r- , where  represents a fractional hum- 
ber, usually small, Which is positive whei the re- 
inforcemen are upward, zero when the.rein- 
forcements are on the face referred fo, and nega- 
tire whe] they are som'ewhat external andbelow  
theface.. ' - -.. 
As above stated; the invention relates particu- 
larlF to the application fo beams and other struc- 
rural members of metal reinforcements which 
have been proportioned, .as. hereinafter more 55 

2 
full set forth, such application being made while 
the said reinforcemen are held under a tensile 
stress of an intensity approximating the in- 
tensifies shown in the control formulas given 
later. 
If will be understood that the invention is in- 
dependent of the mechanical means which are 
used to produce, Within the metal reinforcements, 
the prescribed tensile stress spechîed fo be there- 
in prior fo loading and that if is also independent 
of the mechanial character of the astenings 
which may be installed fo connect the reinforce- 
men with the nucleus of the beam referred to. 
If wfll be apparent to anyone skilled in the art 
that the desired prestress in the metal reinforce- 
mens may be produced in a great variety of ways 
and that this prestress may be maintained in the 
reinforcements, whi]e they are being secured fo 
the body of the beam with which they are asso- 
ciated, by a great variety of expedients. If wi]l 
also be apparent that there are many different 
types of mechanical fastenings fliat may be used 
fo connect the reinforcements with the main 
body of the beam. Moreover, in most reinforced 
structures fo which the invention is applicable 
if is usually possible to use the main body of the 
beam or other structure as a strut fo act as the 
necessary reation to the tensile stress in the re- 
inforcements while that stress is being built up, 
thereby producing a compressive resultant with- 
in the main body of the beam at the same rime 
that the tension is being built up in the metal 
reinforcements associated with the beam. 
For convenience and simplicity in fllustrating 
and describing the invention, it will first be ex- 
plained in its application to the workings of a 
beam composed of tituber, either in a single piece 
or buflt up by lamination, when this beam is sim- 
p]y supported and has reinforcemens installed 
under tension of an intensity which, shown more 
fully hereinafter, may be represented as at the 
depth r. above the lower face. In this explana- 
tion it will be assumed that, af or near the ends 
of such a beam, substantial anchorages either 
temporary or permanent in character have been 
installed from which the reinforcements referred 
to may be stretched fo the amount desired. 
The. range of possible determinations as to the 
amount of reinforcement used in relation fo-the 
size of the beam, its span length and the loading 
to .be provided for is relatively wide. lurther, 
more, there is a wide range of possibilities as fo 
the intensity of the. prestress fo be employed. 
Nevertheless, .there is either danger or waste in 
making an installation of a beam having pre- 
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stressed reinforcements without proper con- 
sideration of the relationships hereinafter 
shown. 
The theoreticaI fozmaul.as here given have been 
fOl2nulated with a view fo economy of mate- 
riais and to efficiency in resisting the effects of 
loading. If will be understood, therefore, that 
these formulas may be susceptible fo consider- 
ab]e modîfiction as, for example, when there is 
a desire for greater stiffnessor When itis nec- 
essary to secure adaptation to the dimensions 
of the material available such, for example, as 
the size of the reinforcing bars availab!e or the 
thickness of fiat metal that may be obtainable. 
Furthermore, the physical charactcristics of 
tituber are not uniform throughout any given 
member and its rnodulus of elasticity is never ex- 
act!y known and is believed to vary throughout 
the depth of the beam with changes in imposed 
stress and possibly somewhat different.ly in com- 
pression as compared te tension. In spite of 
this uncertainty, however, it has been round 
practicable, whfle stretching the steel and us- 
ing the tituber beam as a strut to furnish the 
necessary reaction, thereby to determine an 
ideal value for the modulus of the particular 
tituber which wfll serve satisfactorfly in the fol- 
lowing formulas in place of the actual value. 
If the modulus of elasticity for the tituber be 
represented by ET and that of the reinforce- 
ments by Es the value of the ratio Es/Er is rep- 
resented by m, i. e., 
The operation of stretching the reinforcements 
te give them the desired prestress tends to pro- 
duce in the tituber associated with the rein- 
forcements a .compressive stress in the face near- 
est to the reinforcements and tensile stresses in 
the opposite face, thereby causing the tituber to 
bow upwards somewhat away from the reinforce- 
ments. The resultant deformation is a uniform 
bending except as this may be modified by dead 
load, this bending being similar te the bending 
caused by negative moments appiied at the two 
ends of the tituber. 
Although tituber has been in general use 
structurally since prehistoric rimes and has 
proved te have great strength in relation te 
weight and tobe exceptionally long-lived wher 
suitably protected or when treated with proper 
preservatives, nevertheless, as ii oocurs natural- 
ly and also as if is commercially produced, there 
is a great variation in the physical character- 
istics of different pieces. his has resulted in 
the adoption of standard working stresses far 
below those that might have been established 
had the physical characteristics of similar 
pieces of tituber been more uniform. 
In recent rimes an improved process of pres- 
sure gluing has been developed whereby lami- 
nated tituber units are being built up of selected 
pieces and in some cases with the pieces which 
are of exceptional quality distributed through- 
out the body of the laminated whole where the 
strength requirements are severest. 
At the present rime it is oonsidered practi- 
cable te produce sta'uctural units of laminated 
tituber having sale working stresses materiatly 
in excess of the 1000 pounds per square inch 
now commonly specified in connection ith the 
use o commercially obtainable lumber. Such 
laminated tituber structural shapes are now 
ing constructed successfully of lengths and cross 
sections much greater than obtainable previously 
in single sticks. If is believed, however, that 
prior te the present invention structural units 

of timber, either in its natural state or in lami- 
nated form, have not been strengthened efll- 
ciently, systematically or economically by metal 
reinforcements as bas been donc with concrete 
5 beams. 
In the development of such a system of rein- 
forcement it is obviously necessary io adapt it 
to use in connection with timber oî various 
grades and limiting strength. Formutas bave 
l0 been deveIoped accordingly which use symbols 
fo which special values are to be assigned in 
their individual application according to the 
physical characteristics of the tituber to be em- 
ployed. Moreover, the physical characteristtcs 
15 of the metals available for use as reinforcement 
vary widely. Any numerical v.alues assigned 
herein, therefore, either for the strength of the 
lumber concerned or for the strength of e 
steel or other metal associated therewith as re- 
0 inforcement, are to be considered as fllustrative 
only and as in no way limiting the applicability 
of the control formulas hereinafter set forth. 
In the following description the word "beam" 
is used fo indicate any structural membeï whose 
25 principal loading takes place transversety te ifs 
length in such a nmnner that we may analyze 
its effect wiout undue error by considering it 
as acting in a "plane of loading" so-called. 
Thus, for convenience there may be included un- 
0 der this one descriptive term both those mem-- 
bers which are more commonly referred to as 
beams and which bave considerabte depth in 
relation fo their width end also those other 
members, sometimes called planks, fiooring, 
35 zoofing, slabs, etc., whioh have greater width 
in relation fo their depth, these latter, however, 
being considered in the following description 
with regard te their capacity for carrying tra- 
verse load; i. e., their capacity for beam action. 
40 It will be understood, however, that with suit- 
able modification the invention is applicable also 
fo struts, posts, columns, etc. that are or maY 
be subject to eccentric loading and also to arches 
and to so-called rigid frames. 
4 In ortier that the advantages of this inven- 
tion may be more clearly shown, reference is 
here ruade fo the strength characteristics of 
simflar structural members of prior practicei In 
this connection reference is ruade to 
60 Applied Mechanics by Charles E. Fuller, S. B., 
and William A. Johnsten, S. B., vol. II, Strength 
of Materials, published by John Wiley & Sons, 
Inc. of New York, pages 03 to 309; 
The Pocket Companion--24th edition--c0py- 
 righted by Carnegie Steel Co. in 934, pages 12, 
153; 
The Douglas Fit Use Book, published by The 
West Coast Lumbermen's Association, 364 Stuart 
Bldg., Seattle, Wash. 
69 The lued Laminated Wooden Arch, by T. 1. 
C. Wilson, Senior Engr., Forest Products Labora- 
tory; 
U. S. Department of Agriculture, Technical 
Bulletin No. 691. 
6 In the prior practice, one of the factors limlt- 
ing the use of tituber for beams and other struc- 
rural members has been the relatively low modu- 
lus of elast2city of the tituber concerned. In 
many. cases this bas resulted in excessive defiec- 
7{} tion thereby limiting the load or the span length 
prior to reaching the limïting fiber strength in 
the faces of the beam concerned. Moreover, the 
strength in bending of such structural members 
marie of tituber bas been small relatively te the 
75 size Of the section as compared with steel. 
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One of the main purposes of the Present in- 
vention is to eliminate the limiting factors which 
bave heretofore prevented the more extensive use 
of tituber beams and other structural members 
by substituting for the plain tituber beam a 
composite structural unit of tituber and metal so 
connected and fastened together as to form a 
substantially unitary structure that will have a 
much wider field of utity and which in addition 
will bave new, useful and extraordinary char- 
acteristics. 
A further important purpose of this invention 
is a novel process of producing a structural unit 
of the type to which the invention is directed and 
in the practice of which certain newly discovered 
relations between the elements of the structure 
are taken advantage of to facilitate the building 
up of a structural unit having the desired char- 
acteristics. 
With the foregoing and other purposes in view, 
the invention aires to produce, and bas succeeded 
in producing, a beam having numerous improved 
characteristics over timber beams heretofore em- 
ployed, and among them, a much greater per- 
missible length of span for a given section, load- 
ing, and unit stress in the extreme fibres, in re- 
spect to both defiection and resisting moment. 
An additional advantage is round in the fact that 
higher working stresses are permissible in the 
prestressed reinforcement than in like material 
without prestress, and this without sacrificing 
safety as to overload. 
In general, the invention resides in the concep- 
tion that by introducing into a tituber structural 
unit, such as a beam, a slab, etc., suitable metal 
elements under a suitable intensity of artificia]ly 
induced tensile prestress and so positioning these 
in the structural unit that the metal e!ements 
suply a major par.t or al1 of the tensile compo- 
nents of the resisting couple induced at the criti- 
cal section by loading, a. new and-useful struc- 
rural member of reinforced tituber is provided, 
having advantages much like those of a beam 
with negative end restrains, but superior to such 
in that itis independent o its supports, except as 
to bearing, and in that .the negative moment 
effect may be graduated throughout the length 
of the beam rather than be of an unchanging 
intensity throughout said length as is the- case 
when a negative moment is app]ied by external 
means at the ends of a similar beam. Although 
emphasis bas been put in this statement upon 
providing reinforcement to supply a major part 
or all of the tensfle components of the resisting 
couple, it will be understood that such a struc- 
rural member may also be provided with metal 
reinforcements on that face which is subject to 
compression under loading in order te reduce 
the intensity of the compressive stress in the 
midsection under extreme loading, and/or of the 
tensfle stress in the top fibres near the ends of 
the beam under zero or small loading. For sim- 
plicity, however, consideration of such reinforce- 
ment will be omitted from the initial discussion 
of the control formulas and only those will be 
set forth which have been derived for a beam 
having reinforcements on its tensile side oniy. 
In reinforcing a tituber beam in accordance 
with the present invention, steel or other metal 
reinforcements, in the suitable amount herein- 
after more fully set forth, are installed at criti- 
cal sections on or near that face oî the beam at 
which the tituber would otherwise be at tensile 
stress when loaded. These reinforcements are 
so instaled and fastened t0 that face of the beam, 
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in the aforementioned suitable amount, while 
they are held under a tensfle prestress of suitable 
intensity,, such as is also more fully set forth 
hereinafter, this arrangemint being made with a 
5 view to what may be called "balanced design." 
Itis obvious that the maintenance of such a 
tensile stress in the reinforcements, while they 
are being secured to the tituber element asso 
ciated with them, indicates the presence of a 
]0 suitable strut or anchorages to supply the neces- 
sary reaction to the tensfle forces existing in the 
reinforcements referred to. Naturally, too, the 
tituber elements associated with them are almost 
universally round t0 provide the most convenient, 
15 suitable and economical reaction to the tensile 
forces referred to. In practice, therefore, the 
intensity of prestress in the reinforcements is 
conunonly induced by pulling or stretching them 
from anchorages either fixed to the tituber ele- 
20 ments associated with them, or temporarily ex- 
ternal]y applied. 
It is convenient here, however, first to proceed 
by assuming a prestress in the reinforcements 
which bas been created by stretching them from 
25 anchorages outside of and independent of the 
tituber associated with .the reinforcements while 
the tituber is without stress and straight through- 
out. Itis believed, howevez, that the directions 
here given .are sufficient to enable any competent 
30 designing engineer to take care of any modifica- 
tions ruade necessary by possible changes in the 
manner of producing desired prestress in the re- 
inforcements. 
 .In ordr to prevent waste, and uneconomical, 
5 ineflïcient or dangerous design in the exploitation 
of the invention, there is given hereinafter a 
2uid setting forth the proper approach when 
preparing a structuralmember embodying or em- 
ploying this invention. It will be understood, 
40 however, that no theory of design which is here 
set out. as to the working of such a member is 
fo be taken as in any way limiting the invention 
or obscuring the substantial concrete results that 
bave been obtained in the practice of the inven- 
tion. 
In order to arrive at benefitssubstantially as 
great as practicable or as great as may be pre- 
determined, if is necessary, in the practice of 
this invention, properly to proportion, at the 
critical section, both the amount of the reinforce- 
5O ments nsed and the intensity of a tensfle pre- 
stress tobe induced in them. It will further be 
round that the amount of reinforcement at the 
other sections of the beam and/or the amount of 
prestress .in them preferably tends to decrease 
55 progressively from the critical section referred 
to toward both ends of the beam. 
The control formulas here given bave been 
vised with the purpose of arriving approximately 
at the maximum possible resisting moment of a 
6O 
tituber beam of given dimensions, having physical 
characteristics approximately as shown, and of 
doing this in such manner that both theextreme 
fibers of the timber element and the metal 
 inforcements associated therewith shall simul- 
taneously approach satisfactorfly close to their 
permissible maximum working unit stress, that 
is, the tituber in compression and the metal in 
tension, and .that this shall happen vhile the 
70 metal reinforcements furnish all or nearly all 
the tensfle components of the resisting couple 
referred to. Such an arrangement bas been 
ïerred to above as consttuting "balanced de- 
sign." It will be understood, however, that the 
5 invention includes also less efficient designs which 



bave advantages more or less proportionat to the 
degree of their approach te the ideal referred to 
above as constituting "balanced. design." 
It witl be apparent that for the best resuIts 
mechanicat means must be provided for produc- 
ing the desired tensimùng of the reinforcements 
referzed to and for binging about their instaIla- 
tion in. the structurat unit whïle they are held 
satisfactority close to the desired intensity indi- 
cated in the following controI formulas. Me- 
chanicat means which perform these opm'ations 
sa2sîactorfly may include, îor example, pulling 
bolts for stretching the reinforcements toward 
end anchorages, a strain gauge, Ames type dial or 
other adequate means foz measuring the stretch 
of the reinforcements and permitting computa- 
tion of the stress with respect to the modulus of 
the elasticity of the reinforcements concerned. 
Less satisfactory but usabIe mechunicat means 
îor performing the aforementioned functions have 
comprised leverages actuated by kuown weights. 
Furthermore, jacks are availabte for providing 
the stretch and some oï these corne with gauges 
which measure more or less satisfactorily the 
number of pounds of pressure apptied. 
The proportioning of the reinforcements, their 
tensioning and their installation do not, how- 
ever, require accuracy impracticable of attain- 
ment in order to secure great advantages over the 
tituber beams oï prior practice. Within reason- 
able limits, readily obtainabte, these advantages 
approximate those theoretically indicated. 
in the designing of the novel tituber beam of 
the present invenîion, certain assumptions are 
made which are somewhat similar to those ruade 
in connection with the beam teory, so-catted, of 
prior pr«ctice. One of these assumptions is the 
sorca!led straight line relationship between unit 
stress and unit deformation. Furthermore, the 
beam is considered as being straight, of uniform 
cross section, as lying in a horizontal position 
and loaded on its top surface while slmpIy sup- 
ported ai each end. Obvious!y the formutas de- 
rived with thee assumptions wilI require modifi- 
cation readfly derived corresponding fo conditions 
other than those.here assumed. 
In the noveI beam of the present invention, 
however, there is round no fixed neutral axis 
passing tongitudinally through the conter of 
gravity of alt transverse sections as in the old 
type beam and, therefore, we are ùthout this 
nid fo the derivation of stress diagzams and the 
strength coecient of the beam concerned at a 
ven section. 
There being no such neutral axis, a new mode 
of procedure must be provided with a new struc- 
rural analysis, new stress diagzams and new 
formutas so properly associated with this new 
type of structuraI member nd so propeïly con- 
troltinE its production that the result is a struc- 
tural member having new,, useful: desirable and 
extraordinary structuraI characteriscs. 
In the foilowing control formulas which haye 
been derived for use in the design of the novel 
structural unit of the present invention, tension 
is considered positive and is indicated by posi- 
tive numericat values. Compressive stress is 
considered negative and is indicated: by nega- 
tire numericaI values. The equations are so 
written as either fo be true a!gebraically, with 
due regard to the signs above indicated, or; if 
hot, a notation is made that the relation is nu- 
merica! only. /ïil formulas and equtions given 
are to be interpreted in conformity with the 
above. 
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Consistently with the foregoing, in those of the 
accompanying drawings, which show stress dia- 
grains ai the various beam sections, tensile 
stresses are indicated as extending to the right 
,5 of a neutral axis O--Y and compressive stresses 
are shown as extending to the teft of such axis. 
In the drawings: 
Figure 1 shows an elevation of a composite 
structural member of the new type having ruera1 
0 reinforcements above the face subject fo exten- 
sion under contemplated loading, as assumed 
primarity in the accompanying specifications; 
Figure 2 shows the stress diagram in the 
wooden portion of the beam only, at a section of 
5 the beam of Figure 1, .in the unloaded condition 
of the beam and with extreme compression in the 
lower face, tension in the upper face and a point 
G at which there is substantialty unchanging 
compressive stress as loading increases up to the 
0 maximum contemptated; 
Figures 3, 4 and 5. show optional stress clin- 
grains that can be determined upon respectivety 
to occur at the critical section of the beam of 
Figure. i under contemplated loading. 
25 Figure 6 shows an nioaded beam embodying 
the present invention with prestressed reinforce- 
ments which have been put under a design ten- 
sile stress by means of pulting boIts acting 
through anchorage plates shown in the fiare; 
0 Figure 7 is a sectïon on the Iine ï--, of Fig- 
ure 6; 
Figure 8 shows another method of anchorage 
by means of bott passing through the body of 
the beam at such an angIe as to assist in resist- 
z5 ing shear stress near the end of the beam; 
Figure 9 shows stilt another embodiment of 
the invention in which the connections between 
the anchorage in the top face of the beam and 
the reinf0rcements on the bottom face com- 
0 prise plates applied te the sides of the beam in- 
stead of bolts through the beam; 
Figure i0 illustrates the method of upplying 
reinforcements, of the type- shown- in Figure 8, 
by reversing the beam top. for bottom, deform- 
45 ing. the beam by loads contrariwise to the man- 
ner of its deflection., under Ioads in its normal 
position, and in excess hereof, then secm'ing 
the reinforcements fo the ends of the beam and 
putting them under tension., before the inter- 
50 mediate fastenings are permanently installed 
by the nid of the resilience of the tituber when 
the reverse loading is removed.; 
Figure 11 fllnstrates how the reinforcements 
ofa tituber beam embodying the present inven- 
.- tion. pass from the' top to the bottom face in 
the case of a- cent'rouons beam on supports or 
a beam flxed ai the ends; 
Figure 12 is a modification of the embodiment 
of the invention shown in Fig,are 11- and illus- 
0 trates how the haunch at the support may, if 
desired, be repIacëd. by additionaI reinfm'ce-. 
ments; 
Figure 13 shows nother embodiment of the 
invention in whicli the.e are reinforcements 
5 both on the tensile face and. on the compressive 
face ofthe beam; 
Figure 14 fllnstrates, a beam of the type shown 
in Figure 12 having both tensile and comptes- 
sire reinforcements as welt as supplementary 
7o reinforcements af the point of support; 
Figure 15 shows a section of a Iaminated titu- 
ber beam which in. addikion to the other rein- 
forcements of the present invention may be pro- 
vided with supplementary reinforcement con- 
75 sisting of  wir windi:ng transverse te. fhe lam- 
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lnations and located either in the midsectlon of 
the beam where the bending iz most severe or 
near each end where the shear stresses are higher 
or at all such points; 
Figure 16 shows another form of supplemen- 
tary shear reinforcement near the end of a beam 
embodying the present invention, these reinforce- 
ments being similar in their mode of action to 
the so-called vertical stirrups in reinforced con- 
crete beams, but having their rods prestressed; 
Figure 17 shows another method of prestress- 
ing the reinforcements and securing them to the 
beam in its upside-down position; 
Figure 18 shows the use of a removable an 
chorage plate for effecting the prestressing, and 
Figure 19 shows a section of a two-hinged arch 
of laminated tituber having prestressed metal 
reinforcements embodied therein in accordance 
with the teachings of the present invention. 
Assumpions 
The assumptions which are ruade in connec- 
tionwith the derivation of the formulas herein- 
after given which control the design and con- 
struction of the beams of this invention are, for 
the most part, those which are familiar fo en- 
gineers in connection with well-established 
theories governing the design and construction 
of homogeneous beams,  
Thus, to recapitulate in part, they include the 
following: The beam is straight and defiections 
are negligible insofar as they affect the deriva- 
tions concerned. 
OEt is acted upon by a balanced system of forces, 
external thereto, and applied at right angles 
to its central axis. 
OEt will be considered as lying in a horizon.rai 
position, for convenience in reference, with the 
assumption that all derivations may be con- 
sidered as applying in any other position, when 
properly modified. 
The material of the timber component of the 
composite member will be considered as homo- 
geneous with a constant modulus of elasticity 
throughout its body, unchanging as. the stress in- 
creases. 
It will be considered as completely elastic with 
full recovery from the effects of all loadings 
upon the removal of such loadings. 
The beam is of uniform symmetrical cross sec- 
tion with respect to a vertical plane. 
The loading is applied in equllibrium to the 
reactions af the end supports in such a manner 
as fo cause no torsion, the loading being con- 
sidered as though if were all acting in the ver- 
tical plane of symmetry, often called the plane 
of loading. 
Whenever the term cross section is used if 
si¢miï2es a section perpendicular fo the central 
axis of the beam. 
The length of the beam is large in proportion 
to ifs sectional dimension. 
The reinforcements are so firmly connected 
to the tituber element associated with them that 
they may be considered as deforming together 
with the filament of the timber most closely 
associated with them, although of different unit 
stress, without s!ip or crawl beyond that negli- 
gible practically.. 
The beam sections under loading are subject 
to uniformly varying stress, but without any 
xed longitudinal axis of zero stress such as is 
round in homogeneous beams and therein called 
the neutral axis, from which the uniform varia- 
tion of stress may be reckoned. 
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A plane cross section before bending remains 
a plane section normal to the beam fibres 
after bending. 
The stress intensity takes increments propor- 
5 tional fo strain increments throughout the beam, 
there being initial stress ai zero strain. 
Every longitudinal fibre is free to extend or 
Contract under stress as though if were free from 
the other fibres. 
The sectional area of the reinforcements 
p. b. g. is negligible in respect fo 
Both in the drawings and in the formulas 
sociated with them the following notation is 
used: 
b-width of the beam. 
g-depth of the timber element of the beam 
respective of the metal reinïorcements. 
r.g-depth of the resultant stress of the rein- 
forcements from the bottom face of the beam, 
r being a numerical multiplier, positive when 
the resultant referred fo is above the bottom 
face and negative when it is below the bottom 
face, wth all formulas interpreted accordingly. 
p:a numerical multiplier such that p.b..d=the 
sectional area of the reinforcements referred 
to. 
m=Ez/Er where Es represents the modulus of 
elasticity of the reirfforcementsand ET rep- 
resents the modulus of elasticity of the timber 
3o concerned. 
]l-the unit horizontal stress component in the 
top fiber of the timber element of the beam, 
this component varying with the condition of 
loading. 
3,5 .]o-----the unit horizontal stress component in the 
bottom filament of the tituber element of the 
beam, thls component varying with 
]x:the unit.horizontal stress component in that 
 fiber of .the timber which lies ai a distance 
4o x.g above the bottom face of the beam. 
F----an ideal constant tensile stress in the rein- 
forcements af each beam section, separately, 
(this stress being not necessarily, identical 
throughout the length of the beam) which 
45 stress, if imposed on the reinforcements prior 
to their attachment fo the tituber element as- 
sociated with them, would, upon such attach- 
ment and subsequent release from outside re- 
s0 straint, compress such timber while the rein- 
forcement is losing tensile stress and is short- 
ening in length, along with the shortening of 
the tituber filament adjacent fo it produced by 
this compression, so that, upon the completion 
of these changes, the reinforcements and the 
,5,5 timber elements associated therewith shall be 
in the same condition of stress as that which 
is brought about when the timber element is 
used fo supply the reaction necessary for the 
60 stretchg bf the reinforcements, the beam 
thus acquiring compressive stress progressive- 
ly and being meanwhile in an unloaded con- 
dition. 
Fi---m [r.]i÷ (l--r) 
65 This represents af the section considered, the 
loss in unit stress in .the reinforcements from 
theamount 1 referred fo above, due fo the pro- 
duction of stresses indicated by ] and ]0 in the 
top and bott0m filaments of the tituber element, 
7O respectively,, whether these arise from the re 
silience of the réinforcements upon their release 
from outside stress or from external loading 
combined with such resilience. 
F----the residual unit stress .ai the section con- 
î5 sidered which remainS, in the reinforcements 
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after the Ioss indicated by'.F1. It-is always suf- 
ficient fo supply equi]ibrium for the sure of all 
horizontal stress components in the tituber ele- 
ment associated with the reinforcements. 
Upon release of the reinforcements from any 
outside restraint they tend, through their re- 
silience, fo compress the tituber element asso- 
ciated with them and because of çheir eccentrie 
position they cause the timber element to :tend 
fo bend upvard. 10 
Figure 3 shows a stress diagram of :a beam in 
which, at the critical section .and under maxi- 
mum contemptated loading a portion of the t-en- 
sile comportent of the resisting couple is $.ur- 
nished by a part of those fibres of the nucleus 15 
that would furnish the entire tensfle resultant 
of the mreinforced nucleus, with reinfo]:cements 
providing the necessary additions,1 tensile com- 
ponent required fo provide balance to the 
creased compressive component aboie that round 
in the unreinforced nucleus. There is also a 
point G at which there .is unctmnging comptes- 
sire stress when loading vartes ,up fo the maxi- 
mum contemplated. 
Figure 4 shows a stress diagram that may be 25 
substantially realized, at a critical section of 
beam of Figure 1, under maximum contemplated 
loading by suitable choice of the amount, posi- 
tion and intensity of stress of the reinïorce- 
ments under zero loading, with a point .G at 30 
which there is unchanging compressie stress 
as the loading varies and with the unit stress 
of the lower face sUbstantially equal to zero. 
Figure 5 shows a type oï stress diagram tha 
may be round in the beam of Figure .t, af a crdt- 
ical section and under maximum contemplaed 
loading, with compressivé .stresses .extending 
completely through the body of the beam and 
with compressive.stress .in that ace vhich is sub- 
ject to extension under loaded .conditions of the 
unreinforced nucleus. There.is also a .peint G at 
which there is unchanging compressive stress 
under all variations of loading. 
These Fitres 2, 3, 4 and 5 ae hot intended 
fo indicate to any scale actual numerical values 
of stress intensity but only the .characer of 
stress that may be realized, each figure being 
independent of each of the others. 
The following formulas express the relations 
ol!owing immediately from the definitions gien 50 
above and include a repetition of the expression 
for F in order that this may be numbered serially 
with the others. 
I F=F+F 
Il F=--m[r.z ÷ (l--r) o] 
F.p.b.d=--b.d (the condition for equiHb!um) 60 
= -- ½[£ 
or 
2p.F------ [/÷/0] 
IV 2p.F=--[l÷2p.m.r]]-- 
[ 1 ÷2p.m(l-r) ]/o(combining I, iII and III) 
Theozetically in :beams of this character there 
is a longitudinal axis, sometimes called a gïavity 
axis or a -axs, extending longtudinally through 
the center of gravity of all sections, if, 2n %hem, 
we consider the reinforcements as replaced oy 
tituber having a sectional are equal o m.p.b.d 
although of negligible thickness. On .this axis 
the horizontal component of the compresslve 7 
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stress in .the tituber elements is %heoreticaHy con- 
.stant and is here indicated by ]g. 
l/l÷2p.r.m\ 
tht g«t equals'the ordinate 
of the gravity axis, referred 
to above, above the bottom 
face of the beam. 
Vt f= --p.F 
l+p.m 
Attention is called fo the fact that, although 
at each section the formuts given above appiy, 
yet in some respecs it has been îound advan- 
tgeous to decrease theproduct p.F progressively 
ïrom the critical section toward the .points of 
zero moment. The numerical value of the sym- 
bols used are often, therefore, qùte different 
different beam secions. 
The matter of design is a relativety simple one 
and invotves the choice of one of the stress dia- 
grains S, t and  as the desideratum to end up 
with when .the beam is ully loaded. Usualb, 
then, / equls the maximum permissible com- 
pressive stress. For good grades of tituber such 
a value will be found fo be between 
p. s. i. and --2,000 p. s. L The final value oï the 
unit stress .in the bottom fiber may be ch0sen as 
a small tensile stress, as shown in Figure 3, or 
zero, as shown in Fig.ure 4, or small compressive 
stress, as shown in Figure 5. 
The amount of reinforcement required wfll be 
determined from Formula .!Iï by snbstituting 
therein values of ], ,fo and F chosen fo occur 
under maximum loading, indicated herein '.y 
/', ]'0 and 
The vdue of the resisting moment is then given 
by th.e .formula: 
b.d 
Vil M -- 
----6-[( 2--3r)f ÷ ( 
and the resisting moment considered negative 
when the loading causes a positive bending mo- 
ment. 
The value of F, showing the amount of prestress 
necessary in order to arrive at the chosen .stress 
diagram under full loading using an.outsid,e strut 
to furnish the reaction so as hot OEo cause any 
accompanying compression in the beam itself 
may be found by the nid of Formula IV, sub- 
stituting therein the chosen values of/q and ]', 
together with m, p and r as assumed or gven 
or previous]y found. After such prestress F is so 
induced in the reinforcements they are attached 
to. the beam, freed from the outside strut re- 
ferred .to, and allowed to compress the saine as 
herein descrbed. 
If on the contrary, as is ztsually the case, 
.wish to create the prestress in the reinforce- 
ments by using the timber to furnish the neces- 
sary reaction, then if may be convenient, the- 
oretically to consider the beam so supported that 
there is zero moment at that section where, under 
loaded conditions, a maximum bending moment 
wfll occur. 
The intensity of prestress then to be applied, 
oempressing the tituber simultaneously, is the 
amount .F when -the bending moment is zero 
rather than the value F previously .ascertained 
from Formula IV. The condition for zero mo- 
ment is seen fo ,be (2--3r)/÷(l--3r)/o----O. By 
comoining this condition with Formulas I, II, III 
and IV, we iïnd that 
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where A-l÷4mp(1--3z÷3z2). ThJs ,then rep- 
resents the intensity of stress which would re- 
main in the reinïorcements if F were imposed 
by outside means and then allowed fo compress 
the timïoer until equilibrium were obtained 
section where M0. Equally if is the amount of 
prestress in the reinïorcements ai the critical 
section that may be built up gradually, using the 
tituber as the reaction, equilibrium being retained 
throughout the prestressing, while 
M--0. This value of  may be indicated by 
signifying the intensity of prestress required 
when the tituber is used as a reaction and the 
beam is so supported that the external moment 
is zero ai the section considered. Obviously when 
the beam is otherwise supported a corresponding 
value of prestress required can te determined 
using the timber as reaction. 
Attention is again called fo the fact that for 
the symbol z in the above formulas positive nu- 20 
merical values must be substituted when the rein- 
forcements lie above the bottom face of the titu- 
ber and negative when they are below if with 
r----0 when the resultant tensile stress of the re- 
inforcement is coincident with that bottom face. 
As a numerical example we may assume that 
under design load 
]'1----1000 ]'0=--100 F'2--23,000 
Substituting these values in Formula IlS, the con- 
dition for equilibrium, we 
p--023913 
Assuming further that 
m=13 and r------0.1 
and then inserting these values in Formula IV, 
together with p, ]' and ]'o as above, we flnd 
F=23,130 (approximate) 
This is the intensity of prestress required in the 
reinforcements if outside means are used fo create 
it. However, if these reinforcements are 
stretched, using the timber as the required reac- 
tion, we will bave the necessary intensity of 
prestress equal fo F, where 45 
F 23,130 . 
F= 2.6538--8716 p. 
indicating the amount of prestress fo be applied 
using the tituber as react.ion and so supported 50 
that moment at the midsection equals zero. 
Substituting these values for ]' and ]'0 in the 
formula for resisting moment we find 
M=405(b.d 2) (i. e. K=405) .55 
For timber of this quality, without prestressed 
reinïorcements, we ordinarily bave K----167. This 
indicates that by such reinforcement the strength 
of the given tituber in bending is multiplied by 
2.42. 60 
A computation bas also been ruade showing the 
maximum intensity of shearing stress on a right 
section to be located af the gravity axis referred 
fo above. Ifs value is round fo be 
3 S [.l÷2p-m(1--r)] 2 
s--2 b.d (l÷p«n)A 
vhere a bas the saine value as given before and 
S equals the total external shearing force af that 
section eonsidered. 
. While this intensity is somewhat less than for 
the tituber alone without reinforcements, the 
provement in this regard is somewhat less favor- 
able than that round for K the strength co- 
efficient. Thus in beams of this invention if is 75 
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necessary to examine them with regard to shear 
intensity as well as for strength in bending. 
It should be understood that the asumptions 
ruade in connection with the derivation of these 
control ïormulas are approximately true only. By 
actual test, however, they bave been round fo 
result in the construction of beams which saely 
support the loads indicated, with deflections and 
unit stresses satisfactorily close fo those theo- 
retically fo be expected, as indicated by the for- 
mulas above given. If should-, be noted in this 
connection that by making simultaneous meas, 
urements of deformation in the reinforcements 
and in the tituber elements associated therewith 
while effecting the prestress in. the reinforce- 
ments (the tituber being used for reaction), a 
very satisfactory estimate can be ruade of a 
suitable assumed value for m. 
The following detailed memoranda bave been 
ruade for assistance in the actual production of 
satisfactory beams of this invention: 
(a) For assistance in securing a satisfactory 
close estimate of the numerical value fo be used 
for m, if bas been round adequate fo hold the 
inforcements in place by clamps or otherwise, 
lowing the reinforcements fo slip longitudinally 
but preventing wide separation between the re- 
inforcements and the timber as the tituber tends 
fo bow up. 
(b) The maximum variation in temPerature fo 
be expected should be considered in connection 
with the maximum allowable working stress in. 
the reinforcements. This llowance should be 
ruade with provision of smaller prestress inten- 
sifies under higher temperatures and higher pre- 
stress intensifies during temperatures lower than 
those to be expected after construction. 
(c) The beam of this invention may require 
protection from extreme changes in moisture 
content. This may be accomplished by the use 
of water repellent impregnation under adequate 
pressure, a treatment usually possible with com- 
mercially obtainable preservatives. Other means 
that may be used include various types of super- 
ficial paint coats nd protective coatings of 
metals, plastics, glues, rhin sheets of resin-im- 
pregnated veneers, or auxiliary metal. 
(g) It is sometimes desirable fo apply prel0ad- 
ing which will so act that the beam shall hot bow 
up to an extent causlng excessive tensile stress 
in the top fibres, nd that, under extreme load, 
such preloading shall no longer act so as fo add 
fo the total bending moment imposed. 
In the beams of this invention there are me- 
chanical fastenings securing the reinforcements 
fo the tituber associated with them. While these. 
may be integral with the reinforcements, either 
altogether or in part, it. is convenient to con- 
sider them separately. 
They may aCt in either one of two ways or in 
a combination of both. They may act as clamps 
forcing the two constituent parts into close cn- 
tact or they may be fastened fo the reinïorce- 
ments on one side and fo the tituber associated 
65 therewith on the other side, much as partial aux 
 iliary anchorages. Usually, except when the re- 
inforcements are entirely outside the body of the 
beam the fastenings are designed toserve a dual 
purpose, acting as partial anchorages a the point 
70 of fastening and af the same rime f0rcing the 
two materials closely together so as to build up 
frictional resistance fo slippage throughout the 
interval between fastenings. The load bearing 
capacity of fastenings is estimated longitudinatly 
of the grain with egard to longitudinal .slzear, 
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 se called. The "Fir Use Book" previously referred 
te contains information in this regard, both as 
te the meehanical connection eontemplated and 
as te the frietional resistance te longitudLual 
shear where the tituber and ïeinïorcements are 
in contact, ihis latter may sometimes be in- 
creased by the application of suitable giues, 
ments or plastics that harden with rime oi the 
surfaces in contact.. 
Obviously the more thoroughly he two-mate- 
rials are joined together the more nearly wfil the 
composite whole act as an integral structural 
member. Praetically, however, if bas been round 
adequate te install fastenings on eaeh side of the 
critical section sueh that their combined load 
bearing capaity is approximatety equal te the 
maximum tensfle force te be round in the rein- 
forcements. These are spaced af decreasing in- 
tmwals Item the c2tical section tewaïd thebear- 
ings, poibty se that thefl" respective distances 2,0 
frein the critical section vary appro:imately as 
the square roots of their seriaI numbers comoEted 
therefrom; or, more or less in accord with the 
requirement for resistance te increasing longi- 
tudinal shear. 25 
The frictional resistanee te slippage in those 
areas between fastenings may be ineluded in the 
estimate of load bearing capacity of the me- 
chanical fastenings refmwed te. The end a]- 
chorages may be omitted frein the computation 30 
refmred te and their load bearin capacity serve 
as providing a factor of safety se called. ïhe 
number and locations of such fastenings having 
been determined upon, preferably equaI redue- 
tions in the tensile force in the prestressed ïein- 
forcements are assigned te be marie af each of. 
them. Thus, beginning at the critical section 
the ftrst fastenings on eaeh side are instlled 
while the full amount of design prestress and 
the esign value of p are maintained. There- 40 
after, as each fastening is insta]ted, the tensile 
force immediately preceding s serially decreased, 
either by releasing a portion o the prestress pre 
viously existing in the renïorceme_ts or by de- 
creasing the amount of reinforcement that con- 4 
tinues beyond the fastening referred te, or by 
seine convenient combination of these reductions. 
Obviously, if eontrol of the intensity of pre- 
stress exists only atone end of the beam the 
procedure indieated above should be modified se 0 
as te provide for building up the tcnsile force of 
the prestress frein the opposite end, titl the criti- 
cal section is reaehed, and then reducing it as 
inicated frein that point on. 
If or when reinforcements are added near the 
face of the beam which is subjeet te conïpression 
under loading, a modification of the formulas al- 
ready given must be ruade but s easily derived. 
In sueh case 
60 
-----the intensity of prest.res in aLv top reinforce- 
lnents if or whe if. i induced whi]e the fiber of 
the timber adjacent te it is under zero sress. 
-----the intensty of prestress in these reh]force- 65 
ments by wh[ch the inensity -above referred 
te is reduced by the effects of loadng. 
2=he residual presress remaflfi]g in thc top re- 
inforcêments referred te af ter the lo indicated 70 
by  and which is necessary t.o.coli]131ete the re- 
quirement for the equilibrium eq,.'.atio] II O. 
p----a nunber such that p.b.dthe sec[ioa! a-._"ea of 
the top reinforcements referred te. 
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rt----a, numerical multiplier such that r.d=the dis- 
i.ance beiow the top face of the beam of the stress 
resultant of the top reinforcements referrcd te. 
In this conection it will be understood that pos- 
ii.ve nun]erical values should be substituted for 
r when heir reinforcements lie below the top face 
of the beam and negative values when they 
otside that face. 
Assuming new reinforcements near the bottera 
face, as before, which are combined with top 
reinforcements, as indicated, the foltowing reta- 
io are easily derived: 
J. E " 1"  
-[1W2mprW 2mp( l--r)]f 
5 g= I+2m[pr+p(1--r)] 
f .fo_ p.F+p-- 
7 

M=:[(2--3r)f,-]- ( 1--3r)fo-t-ôp-..( t-- r--r)] 

Throughout this specification understanding 
of the invention has been facilitated by referring 
te oe specific type of reinforced structural ruera- 
ber, namely the simple beam and slab. It will 
be apparent, however, that the advantages of 
this invention are adaptable te struts subject te 
eccentric loading by using prestressed reinforce- 
ments se placed and proportioned as te neu- 
tralize the bending effect te which such struts 
are otherwise subject. 
In arch ribs advantages accrue also by se modi- 
fying top and bottera reirforcements applied te 
the arch ribs that either positive bending or 
negtive bending my occur in those sections 
where such bending is te be expected. 
Peferring new te the fllustrative embodiments 
of the invention shown in Figures 6 te 19, in- 
clusive, of the drawings, Figure 6 is a view of 
an unloaded beam embodying the present in- 
vention in which the reinforcements, such as 
metal strips or plates 2, are put under a design 
tensi]e stress before they are attached te the 
beam 4 by the fastening means 6, such, for ex- 
ample, as lag screws. The means shown for pre- 
stressing the reinforcement 2 belote it is attached 
te the beara  comprises an anchorage plate 8 
secured te one end of the beam t and a second 
anchorage plate t} secured te the other end of 
the beam. The anchoïage plate , if desired, 
may be integral with the reinforcement 2 and 
the nchoïage plate 8 may be angular in shape 
and have an overhanging portion 2 adapted 
te be secured te the top face o the beam . 
Pulling bolts 4 passing through plate 16 and 
the anchorage plate 8 serve te exert a pull on the 
reinforcement 2 te prestress the reinforcement. 
The plate I may, if desired, be integral with 
the reinforcement 2 or otherwise connected 
thereto. Nuts ! 8 bearing against washers 2 may 
be turned on the threads on the bolts  te exert 
pull on the reinforcement . If will be under- 
steod that all this prestressing is done before the 
« stemngs, such as the lag screws 6, are inserted 
through holes dril]ed in the reinforcing metal 
strips 2 and screwed inte the beam . 
75 n Figure 8 is shown another method of pro- 
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viding anchorage for the pulling bolts. In this 
case the reinforcing strips 2 having integral 
with or connected thereto the plates |6 through 
which the pulling bolts |4 pass, are shown as 
tocated on the under face of thebeam 4 the saine 
as in Figure 6. In this modified embodiment of 
the invention, however, an angle plate 22 is 
ranged to serve as the anchor plate against which 
the head of the boit |4 bears when prestressing 
the strip 2. The angle plate 22 is anchored fo 
the beam by means of bolts 24 passing obliquely 
through the beam and having heads bearing 
against that part o the angle plate which .tests 
against the beam and its threaded ends extend- 
ing through another plate 26 which bas an angle 
arm secured by a screw 26 to the end of the 
beam and an inclined abutment portion 3{} against 
which the nuts 32 may be screwed to secure the 
anchor plate 22 firmty in position on the tituber. 
In the structural member shown in Figure 9 
the anchorages are used t0 hold the prestress but 
do hot cooperate with putling bolts. In the 
bodiment shown in Figure 9 the prestressed metal 
reinforcements 2.are supplemented by a pre- 
stressed cover plate 34 and the anchorage plate 
36 to which the prestressed strip 2 is directly 
connected is itself connected to an angle plate 
38 on the top and end corner of the beam by a 
strap 48 extending over thé sid face of-the beam. 
Simitarty the anchor plate 42 to which the cover 
plate 34 is-directty connected is connected to a 
top plate 44 on the top face of the beam by side 
straps 46. 
In Figure l0 a method of securing the pre- 
stressing of reinforcements such as shown in 
Figure 9 is illustrated. If Wfll be seen that the 
structurat member, the reinforcements of which 
are tobe prestressed, is reversed top for bottom 
and the timber part 4 of the beam is deformed by 
toads Wl approximatety contrariwise to the man- 
ner of its defiection under loads in its normal 
position. The reinforcements 2 and 34 are then 
secured to the beam at the ends respectively, 
the reinforcements 2 being secured to anchor 
plates 48 directly at the ends and the reinforce- 
ment 34 beingsecured by the bolts. 24 passing 
diagonally through the tituber as in the form of 
the invention sh0wn .in Figuré 8 and secured to 
anchor plates 68 on what wfll eventuatly be the 
top face of the beam. The beam is then further 
depressed by loads whereby any tension in the 
reinforcements is decreased and' the reinforce- 
ments are then secured fo the timber by the 
fastenings 6 progressively from the ends toward 
the middle While the loads:are, also progres- 
sively decreased« This method'results in a grad- 
uated prestress gratest.at themid section which 
is where the greatést preÇtress is needed. Ob' 
viously experience is required te graduate the 
prestress so as to-bring if into. approximation 
o the theoreticatly indicated unit stress at the 
midsection,  " .. " -  
In Fiiure llisshewn.a beam that extends 
over a series of supports, .this figure fltustrating 
the necessity for .transfërring the reinf0rcements 
from the bott0m to the top face in the case of, a 
continuous beam or a beam fixedat the end with 
a haunch at the support. 
Figure 12 shows how the haunch appearing at 
each of the supports in Figure 11 may be replaced 
by additional compressive reinforcements on .the 
bottom face at that section.. 
Figure 13 shews a structural unit having, pre- 
stressed reinforcements 2 and 34 on its tensite 
face and also, having..a reinforcement 68 on its 
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compressive face. These reinforcements are 
prestressed by any suitable means with anchorages 
for the reinforcements 2 at the beam ends for 
the reinforcements 34 at points between the beam 
5 ends and atso for anchorage for the prestressed 
compressive reinforcements 8 between the beam 
ends. 
In Figure 14 is shown a beam having" prestressed 
reinforcements 2 on ifs tensile face, prestressed 
10 reinforcements 8 on its compressive face and 
atso having supplementary reinforcements 2 and 
4 at the points of support, these supplementary 
reinforcements serving substantialty the saine 
purpose as those shown in Figure 12. 
15 In Figure 15 is shown a section of a taminated 
tituber beam in which, in addition to the pre- 
stressed reinforcements hot shown there is pref- 
erábty a supptementary reinforcement consisting 
of a wire winding 6 transverse to the tamina- 
20 tions. This supplementary reinforcement may be 
located either in the midsection of the beam 
where bending is most severe, or near the end 
where the shear stresses are higher, or wherever 
it appears desirable. 
25 InFigure 16 the supplementary reinforcement 
is shown as comprising top and bottom straps 
6 connected by rods 68 to form clamps, these 
reinforcements acting in a manner similar fo that 
of the so-catled vertical stimps in a reinforced 
30 concrete beam but more eflïcientty .because of the 
prestress in the rods 68. 
Figure 13 shows a stight modification of the 
structurat member Shown in Figure 6 .and iltus- 
trates a method of securinE prestress in the rein- 
35 forcement by pulling from a removable anchor 
plate. In this modification of the form shown 
in Figure 6 the anchor plate 8 is temporarflF 
cured to the end of the tituber 4 by means of a 
lag screw 6 or other suitabte means and the beam 
40 is ptaced up-side-down to aid convenient opera- 
tion thereon, an angle plate |2' serving the same 
purpose as the part |2 of the anchor plate shown 
in Figure 6 helps hotd the anchor 8 against the 
beam end. The anchor plate 8 in Figure 18 
45 tends beyond the bottom face of the beam suf- 
ficientty to receive the putling bolts ! 4 which pass 
through a stud or plate 16 that is integrat with 
the reinforcement 2 and extends away from the 
bottom face of the timber 4. When the nut 
5O is turned to exert pull on the reinforcement strip 
or plate 2 which is anchored at the other end of 
the tituber 4 in the saine manner as shown in 
Figure 6 there will first be applied a smatl tension 
to the reinforcement 2. Before further tension 
55 is applied the fastenlng or fastenings witl be 
serted near the end remote from the anchor plate 
8 and then fastenings wflt be inserted progressive- 
ly as the tension caused by turning up the nut 
is integrally Increased. This progressive incre- 
0 ment of tensioning is so iraduated that it reachs 
is required maximum at the raid-point of the 
beam simu!aneousty with the insertion of the 
fastenings at the midipoint. The tension is then 
preferabty graduatty decreased as the fastenings 
65 are instatted fr0m the mid-point of the beam 
ward the point-of pull..Aïter the fastenings have 
been instatted the plates 8 and |  and the pulting 
bolt |4 may ait be removed. 
Figure 1 shows an arrangement  for securing 
0 prestress in the reinforcements in a beam of the 
character of hat shown in Figure 10 and operat,. 
ing on the principte iltustrated diagrammaticalty 
in Figure 10. In this view the beam is shown as 
turned top for bottom so that reinforcements 
5 which are .to be on hebottom face under toaded 



9601910 

19 
conditions are here shown as above the beam and 
in the position which they occupy prior fo pre- 
stressing and preparatory thereto. In this draw- 
ing the ends of the beam are shown as resting on 
supports {}2 and anchorages 64 are provided in 
the base 69 fo which rods 88 ¢hreaded at theh- 
upper ends fo receive nuts 7} 'are connected, the 
nuis 7{) bearing on cross straps ï- by which the 
tituber part 4 of the beam may be deflected below 
the reinïorcements 2 and 34. Blocks 74 may be 
placed temporari!y between the $iraber 4 and the 
reinforcements 2 and 34 to support the reinforce- 
ments in substantially their straight condition 
untfl they .are secured af .the ends fo the end 
,plates 76, in turn secured fo the ends of the titu- 
ber 4. 
Af ter the reinforcer.ents bave been anchored 
the blocks ï4 and the straps 72 are removed and 
.the reinïorcements are thon drawn clown and 
attached to the tituber, starting first at the points 
73 and working progressively toward the conter 
and then starting af the ends and working also 
toward the tenter. It is probable that seine 
graduation of the prestress will be obtained by 
the procedure just described. In other words, 
that it will be gïaduated so that if is greatest at 
the raid section, but there wfll not be with this 
procedure as close an approximation to the theo- 
retically indicated uni stress a,t the raid section 
as tan be obtained by the procedure fllustrated in 
Fig. 10 oï the drawings. 
Figure 19 shows a section of a two-hinged arch 
laminated tituber having prestressed moral rein- 
ïorcements 68 .on the outer surïace of the ring and 
also having prestressed reinforcements 62 on the 
int.rados near the crown hrough the necessary 
area extending from point 84 to point 89. l%r 
convenience the terminal points 84 and 86 are 
shown as connected with the terminal points 88 
and 9} of the outer reinforcements by bolts 92 
passing through the arch ring, the bolts 92 there- 
by serving as anchorages for both exterior and 
interior reinforcements. If is obvious that in 
installing the interior reinforcements in a struc- 
iural member of this type when the ends of the 
reinforcements are secured the intervening parts 
of the reinforcements tend fo be not in immediate 
.contact with bhe arch ring. In .pulling them down 
.fo secure this contact the tension is then obvi- 
ously increased. Therefore, in this portion ofthe 
reinforcement the astenings are firstruade ai 
the ends 84 and 9 and progressively Ïrom there 
o .the .crown of the arch where the maximum 
stresses are desired. The reinforcements on the 
extrados may be pulled over the curving surface 
by raeans similar .to those shown in Figure 18 or 
,the equivalent at the ends nearest the springing, 
and subsequently fastened and anchored. 
It will be understood, of course, that in view of 
the great variety oï beams, arches and other 
structural units .of the general types referred to 
.te whïch the invention is applicable and in view 
oï the widë possibilities of arranging and anchor- 
ing the reinforcements o meet the conditions of 
.the present invention, that the embodiments 
shown in.Figures 6 to 18 inclusive are merely 
illustrative and that the invention bas a wide 
.application fo other structural forms than .those 
here specifically shown. 
It is felt that the guide already given for pre- 
stressed reinforcements to a simp]y supported 
,timber beara is sufficient fo enable any competent 
engineer to provide satisfactory ,prestressed: rein- 
forcements for beam bridges already ïn place, 
whether the beams concerned are tituber, con- 
crete or steel. This, of course, involves he devis-. 
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ing .of fastenings which .are sa.tisfactory in respect 
to the material concerned. 
So, too, it is thought .that herein may be round 
a satisfactory guide to .the design of beams of 
5 concrete, aluminum bronze, magnesium and 
steel, etc., using prestressed reinforcements of a 
type that wfll net form an electrolytic couple 
with the material concerned. In particular in 
.the reinforcement of steel I beams or T beams or 
10 siïni-laç shapes the use of high.tensile steel as rein- 
forcements is preferably indicated, prestressed 
and secured fo tle lower flange or stem while held 
 Under suitable tensfle stress. 
In connection with the use of prestressed rein- 
forcements for concrete beams, reference is here- 
15 
,by ruade to U. S. Patent No. 2,035,9VV. The phys- 
ical characteristics obtained under the practice 
.there outlined bave been round very satisfa.ctery 
under repeated tests. 
The present invention, when applied to con- 
.0 crete beams, serres to provide a cheapei method 
of production than that outlined in the patent 
above referred fo and to obviate the necessity 
for the provision, therein raentioned, oÏ addi- 
tional prestress to neutralize the effects of 
.5 shrinkage and "fiow." Thus, when the pro- 
Cedure herein described is employed in contrast 
te that described in Patent No. 2,035,9VV, the 
concrete is poured in place with provision for 
thereafter attaching, on the tensile face, the 
30 required renïorcements; also with provision 
allowing the concrete matrix to set and harden 
and so te be used as a strut ïrom which the 
reinïorcements are to be stretched in place and 
thereafter attached to the body of the beam with 
35 intemediate fastenings spaced and handled in 
a-manner cIosely resembling the practice in con- 
nection vith timber beams already stated in 
more detafl. 
40 ObviouslF, however, because of the difliculties 
of making insertions into the body of hardened 
concrete, it is preferable to include metal insets 
within the body of the concrete when poured, 
these insets being adapted to receive clamping 
devices which serve te fasten the reinforceraents 
45 
to .the tensfle face of the concrete at points 
established ina manner-similar fo that employed 
in connection with the tituber beams above re- 
ferred to, provision being likewise ruade for 
creasing .the tensile force in the reinforcements 
50 serially frora the critical section toward the ends 
in.a manner.shnlar to.that.already outlined for 
tituber beams. 
As in the. case-of timber-beams, concrete beams 
with such .prestressed reinforcements may be 
bolted clown slightly in front of the end bear- 
ings se.as £o prevent excessive .upspring when 
loading is .sraall, and this may.be done also.in 
such .a way that the bolts reîerred fo cease to 
60 act when. cnsiderable: loading:.comes on and so 
do not lim!tin, any raanner le .amount of load 
permitted. By limiting he upspring, however, 
they also limit the amount of stress variation 
in both top and bottom fibres due .to variable. 
65 loading and al1 changes in form of the ,beam. 
So beams of ail materials haing such pre- 
stressed reinforcements may be used on spans 
much longer relatively to their .depth than other 
beams oï similar material hot. so reinforced with 
70 negligible change in profile due to great varia- 
tions in loading. So the stress intensities are 
such at al1 rimes as not to be favorableto flow 
and under loading any such fiow tends to be 
opposite in character to any. expectable under 
75 dead.load only. With such reinforcements flow 



ceases fo be any obstacle causing trouble in con- 
nection with design or causing any progressive 
deformation with rime. If rnay be neglected 
with less resulting discrepancy than is the case 
in connection with reinforced concrete of prior 5 
practice and in connection with prior practice 
its consideration bas been round necessal¢ oniy 
in isolated cases. With such prestressed rein- 
forcement and accornpanying preload it is con- 
sidered entirely negligible. 10 
IaoE order fo clarify the advantage round in 
prestress relative to the perrnissible working 
stress, the following explanation is given. In 
the bearn of this invention the rate of increase 
in the unit stress of the reinforcernents per unit 15 
of load is given by the expression 
F2__F 
W 
where lh, represents the unit stress in the rein- -20 
forcements under design load; lp represents the 
intensity of prestress in said reinforcernents 
under zero loading, and W represenfs design load. 
Any additional overload C.W will accordingly 
ca.use additional unit stress 25 
cw.F2-- F   
W 
above the. design unit stress F2'. In order that 
this may hot exceed the yield point of the ma- 30 
terial, it is necesary that - " 
F2' (1-}-C) "--,CF-t.P 
where Y.P represents the yield .point referred to. 
Contrariwise, metal without prestress increases 35 
in unit stress frorn zero intensity up to design 
stress as loading comes on. Thus in this case 
the rate of increase per unit of load is given by 
S 
W 
where S represents the working stress and the 
W represents design loading. Without prestress 
then an overload C.W produces .an increase in 
unit stress represented by C-S and a total stress 45 
equal fo S(1-[-C). 
Thus for the sarne fractional overload repre- 
sented by C.W the working stress of a rnetal 
without prestress rnust be such that it does hot 
exceed 
. yp 
in order that the stipulated overload may hot 
cause a unit stress exceeding the yield point of 
the rnetal concerned. 55 
With prestress, however, the condition is seen 
fo be somewhat different. In this case we rnay 
have 
F  YP . C.F 60 
obviously exceeding the stress permtted without 
prestress by the arnount 
CF 65 
The bearn of this invention having considerable 
cornpressive intensity throughout its depth is 
more favorable to a rectangular cross section than 
beams without prestress. Other form of section 70 
are premissible however and formulas for such 
are derivable frorn those hereinbefore given for 
rectangular sections and those well known for- 
rnulas applying to hornogenous structm'al rnern- 
bers. 75 
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Consider,. for. example,, a beam of this inven- 
tion not rectangular in section, referred to as 
bearn B, of which the dimensions are known, the 
area A, the arnount of reinforcernent p-A, the 
tensity of prestress F (prior fo any compression 
of.the cornpressive elernent), and the ordinate of 
the center of gravity G of the transformed sec- 
tion, .so called, such transformed section being 
identical with the section of B referred to ex- 
cept. that the reinforcernents are considered as 
replaced by m rimes their sectional area of the 
same material as that rnaking up the test of the 
cornpressive elernent, so that this transformed 
section is hornogeneous and susceptible of 
analysis :.according fo well known laws. The 
depth of the. section being denoted by d, the 
ordinate (above the lower face) of the resultaat 
stress-in the reinforcernents is denoted by r.d 
.and of G .by g.g. Without the reinforcernents, 
.the center ofgravity is indica.ted as at bd and 
the rnornent of.inertia as I. 
A stress diagram af any section of such a bearn 
B maybe consi¢iered as the result of adding the 
abscissas af . con'esponding points .having iden- 
tical ordinates of corresponding stress diagrams 
of two ideal beams B' and B", of which B' is 
identical with B when the unit stress through ifs 
entire depth is 
the intensity of stress in the reinforcernents 
being : 
F 
l ÷p.m 
B" being identical with B as fo dimensions but 
with the transformed section above referred to 
forming a hornogeneous bearn of which the rno- 
40 ment of inertia rnay be obtained, here indi- 
cated by I", and here being considered when the 
unit stress in the extrerne top fibre bas the 
value 
f, ÷ p.F 
l ÷p.m 
A' being the unit stress in the corresponding 
fibre of B. The resisting moment of the bearn 
B at its critical section M can then be written 
as the surn of the resisting moments M' and M" 
50 of the beams B' and B" af fheir con'esponding 
sections and these can be written as follows: 
M'=A(h--r) d 
M=M' ÷ M"=A(h--r)d÷ 
** I ' -I + A.à[mp (g--r)  + (k--g)l 
Due to the tendency of the bearn of this inven- 
tion to bend away frorn the prestressed rein- 
forcernents when under zero or srnall loading, the 
longitudinal profile of the face rnost closely asso- 
ciated with the reinforcernents is preferably con- 
vex toward the reinforcernents to a degree such 
that, under all loadings, the reinforcernents, fol- 
lowing a like contour, tend to press against such 
face, due to the prestress in thern rather than to 
pull away frorn it. 
By the use of irnproved glues the number of 
rnechanical fastenings required to secure the re- 
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inforcements in the desired tensioned relation to 
the structm, al shape can be reduced .to limits hot 
Fer fully determined, possibly fo the complete 
elimination of such mechanical fastenings. The 
use of end anchorages is, however, considered de- 
sirable and is recommended, regardless of the 
eiïiciency of the best glues obtainable, aven if 
their use is only to provide an additlonal factor 
of safety. 
Then,. too, many of the glues best suited for 
substitution for fastenings in securing the rein- 
forcements in their desired prestressed relation 
to the structural shapes are thermosetting and 
are therefore applied hot and usually under pes- 
sure. When reinforcements are installed and 
held by hot glues, obviously the extension of the 
reinforcements will be in part or wholly accom« 
p]ished by the heat of the glue and the mechan« 
ical stretching hereinabove referred to must, 
therefore, be ad]usted or omitted according to 
the amount of such heat extension and suitable 
artificially applied bending of the beam must 
be so graduated that he extension of £he rin- 
forcements and the simultaneously existing con- 
ditionsof internal stress shall be in accord with 
thóse £hat might be obtained by the previously 
described operations. 
What I claire as new 
A composite structm-al member which is sub- 
ject to bending under design load and which com- 
prïses a structural shape of suitable structural 
material, Constituting the nucleus of said ruera- 
ber and of substantially the dimensions thereof, 
in combination with metal reinforcements there- 
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for so intimately incorporated under stress in 
said composite structural member that said struc- 
rural shape is under a resultant compressive stress 
in the unloaded condition of the composite mern- 
ber and that the reinforcements are under a. ïe- 
sultant tensile stress and in which the reinïorce- 
ments are fastened to the structural shap at in- 
tervals so progressivç!y decreasing, substantially 
throughout the extent of the reinforcements, from 
a critical section toward the end anchorages, as 
to provide systematically for increasing shear as 
the anchozages are approached. 
THOMAS F, NïCI:IOLS. 
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